Rather than existing a priori, the underground comes to be through interlinked political, economic, cultural, and technoscientific practices and processes. Underlying each of these are issues of knowledge, expertise and power that STS is uniquely positioned to explore. In this thematic collection, our focus on the underground draws attention to the work, knowledge, and placemaking activities of those engaged in mining and energy development. We focus on how questions about extraction and burial are posed and deliberated through maps and models. More generally, we highlight the contributions of STS Underground, a network that in its nascent stage is helping to connect the many STS scholars who seek to use the underground as a source, site, and symbol for thinking of the future of the field, as well as their personal interventions as engaged scholars.
Introduction
The underground is a space rich in natural resources as well as controversy. In 2016 the Standing Rock Sioux tribe and their supporters brought international attention to the underground with their calls to halt construction of the Dakota Access Pipeline, which was designed to bring oil from North Dakota's booming Bakken Shale field to the US Midwest to be refined. They called attention to the racist and colonial politics that led to the pipeline being routed through reservation land, leaving Indian people to suffer the results of a potential leak, while simultaneously making visible the country's ever-growing reliance on oil and contribution to global warming.
Questions of the responsible extraction of fossil fuels in an era of climate change play a key role in US politics, as Trump attempts to support a coal industry beleaguered by cheaper and less carbon-intensive natural gas, and as social movements increasingly oppose oil and gas development. Debates about the underground are not limited, however, to fossil fuels. Countries and companies scramble to locate and extract rare earth metals to support the growing electronics and renewable energy industries. Artisanal mining presents one of the gravest challenges to mineral rich countries in the Global South, as the miners' environmentally intensive techniques result in widespread deforestation, deterioration of water quality, and mercury poisoning. Nor are these debates limited to mining. On the one hand, severe droughts raise the specter of aquifer depletion in the American West. On the other, urban sprawl inhibits rainwater from reaching the underground, which the case of Hurricane Harvey in Houston painfully showed creates massive flooding. The underground is also home to an aging urban transportation infrastructure, and in some parts of the American West the geologic qualities of the underground makes it a target for nuclear waste disposal.
Given the central role that the underground plays in public debate, we see an important opportunity for STS scholars to inform decision making. Previous STS scholars have recognized the underground as a useful site to pursue theoretical questions about science, knowledge, and uncertainty, but little work to date has sought to theorize the underground itself. Drawing and building on existing scholarship, we seek to help define a new STS subfield focused on subterranean extraction. An STS perspective on extraction examines the technoscientific aspects of how questions about extraction are posed and deliberated, how extraction itself occurs, and how the consequences of such extraction are addressed. Underlying each of these areas are issues of knowledge, expertise, and power that STS is uniquely positioned to explore. In particular, STS research reveals the underground as a place that is populated and given meaning by diverse people and social practices. There are many kinds of people who engage the underground firsthand through their work, lifestyles, and recreation. This broad category includes construction workers, cavers, scientists, and those who routinely ride subways or live underground. 4 Yet rarely do people experience the underground with the same intimacy as miners, who read the underground environment for signs of danger and profitability, or the scientists and engineers who work in those spaces.
We propose that rather than existing a priori, the underground comes to be through interlinked political, economic, cultural, and technoscientific practices and processes. This insight resonates with scholarship at the intersection of anthropology and STS advocating a move away from viewing "natural resources" as substances with essential qualities that exist ready to be extracted, toward the study of "resource materialities" as "complex arrangements of physical stuff, extractive infrastructures, calculative devices, discourses of the market and development, the nation and the corporation, everyday practices, and so on, that allow those substances to exist as resources" (Richardson and Weszkalnys 2014: 7) . In our case, the underground comes to be as people study, engage, excavate, and fill it--and bring questions of science and expertise to bear in debating those practices. 5 In this thematic collection, for example, David Kneas shows that competing understandings and knowledge claims about Andean "nature" animate attempts to bolster or undermine Ecuador's status as a "mining country" open for international investment. Geologists and political figures who view the Andes through an ontological lens of uniformity and equivalence position Ecuador as a country rich in unexplored resource abundance, in contrast with those who emphasize Andean difference and heterogeneity to argue that Ecuador is an exception to the famed mineral wealth of its neighboring countries.
In contrast with conventional wisdom, the underground is not fixed, inert, or lifeless. At a basic level the physical strata of the underground are active, as was made all too clear in the September 2017 earthquake in Mexico, and organic materials come into contact and interact with each other. The biophysical characteristics of underground substances, like other resource materialities, provide affordances that shape but do not determine how they are engaged by people and industries (Barnes and Alatout 2012; Li 2015; Mathews and Barnes 2016; Richardson and Weszkalnys 2014) . The stored energy of coal invites its burning for heat and energy, while the characteristics of water make it an "uncooperative commodity" that was difficult to privatize in England and Wales (Bakker 2004) . The physical qualities of the underground, such as the strata themselves, produce novel political and economic orders. For example, geographer Bruce Braun's (2000) work on producing vertical materialities includes considering how the development of oil in North Dakota is about how fracking as a sociotechnical system articulates with the underground geology to produce a certain economic imperative. Braun writes about how the quickly declining production curves of "tight oil" feed the need for more and more wells to keep supplies constant (see also Gold 2015) . Thus the character of the underground cannot be located 5 These ideas are influenced by a rich area of anthropological research on mining and capitalism. The classic literature, grounded in ethnographic research in Africa and Latin America, explored transformations in labor regimes and economic development that frequently benefitted foreign capital, and the ways in which these new regimes articulated with local cosmologies (Nash 1979; Taussig 2010; Powdermaker 1962; Ferguson 1999 ). The competing interests and desires of capital (often but not exclusively in the form of foreign investment), state actors, and local communities also animate studies of oil, which offer a critical perspective on economic theories of the "resource curse" Mitchell 2011; Rogers 2015; Sawyer 2004) . While some ethnographic studies (Ferry 2005; Finn 1998; Rolston 2013 Rolston , 2014 continue to examine the experience and transformation of labor alongside larger shifts in capitalism--and critiques of it--anthropologists more often study conflicts between companies and their critics, especially the communities closest to sites of production (Li 2015; Kirsch 2014; Sawyer 2004; Welker 2014) . The global mining boom of the 1990s in "greenfield" territories without established histories of extraction raised new questions, particularly surrounding conflicts among indigenous communities and their academic and NGO advocates, state actors, and major multinationals (Ballard and Banks 2003; Kirsch 2006 Kirsch , 2014 Bebbington 2012) . Engineers and scientists rarely feature as actors in these accounts, with a few notable exceptions that engage anthropology along with STS (Kneas 2016; Li 2015; Ureta 2016). exclusively in biophysical properties, but in how these inform and are informed by sociotechnical systems and the people acting within them. 6 In this ESTS thematic collection, our focus on the underground draws attention to the work, knowledge, and placemaking activities of those engaged in mining and energy development. We focus on how questions about extraction and burial are posed and deliberated through maps and models. Authors in the thematic collection ask, What kinds of expertise are brought to bear on subterranean resource development, and which are marginalized? Who gets to answer the questions of where and how to dig, and how to reclaim the surface? These STS scholars also illuminate the many kinds of invisibilities that get produced in the act of mapping and modeling the subsurface.
Thinking With the Underground in STS
The mutual imbrication of the underground and the sociotechnical systems used to imagine, model, study, extract, and otherwise engage it, was influentially theorized by Rosalind Williams in Notes on the Underground: An Essay on Technology, Society, and the Imagination (1990) . She argues that the underground is not just a place, but a pervasive and enduring trope for human built, highly technological environments, and dystopian environmental futures:
The underworld setting therefore takes to an extreme the displacement of the natural environment by a technological one… The defining characteristic of the subterranean environment is the exclusion of nature-of biological diversity, of seasons, of plants, of the sun and the stars. The subterranean laboratory takes to an extreme the ecological simplification of modern cities, where it sometimes seems that humans, rats, insects, and microbes are the only remaining forms of wildlife (1990: 4, 20) .
Williams reads 19 th century European fictional narratives of human life underground alongside contemporary processes of excavation and extraction: during that period the mining industry formalized and grew, the growing network of railways and roads required deeper and longer tunnels, and building taller structures was only possible by digging deeper to accommodate more substantial foundations. These narratives show a fundamental ambivalence characteristic not just of extractive activities, but of science and technology in general: they represent the undermining of society and the abstract progress of civilization, a "dialectic of progress and destruction " (1990: 54, 65 ). She also persuasively shows that excavation became the "dominant metaphor for truth seeking. The assumptions that truth is found by digging, and that the deeper we go the closer we come to absolute truth, have become part of the intellectual air we breathe " (1990: 49) , citing intellectual currents from Freud's conceptualization of the superego, ego, and id as "strata of the mind" to Marx's invitation at the beginning of Capital to leave the "noisy sphere, where everything takes place on the surface" to journey down to the "hidden abode of production."
Williams' conceptualization of the underground as a metaphor for highly technological environments and environmental futures builds from Lewis Mumford's description in Technics and Civilization (2010 [1934] ) of coal mines as the "first completely inorganic environment to be created and lived in by man… a triumph of the manufactured environment" (cited in Williams 1990: 5) . Yet characterizing the underground as a "place where the organic is displaced by the inorganic" (1990: 5) risks obscuring the agentive, biophysical capacities of underground substances such as rocks and gas as well as the relationships developed among the humans and animals who do inhabit that space.
Historian Thomas Andrews, for example, richly documents underground mines as workscapes that are a "constellation of unruly and ever-unfolding relationships-not simply land, but also air and water, bodies and organisms, as well as the language people use to understand the world, and the lens of culture through which they make sense of and act on their surroundings " (2008: 125) . He illustrates how miners developed loving, symbiotic relationships with mice who helped detect dangerous conditions, but cajoled the mules who hauled the ore to the surface (2008: 134) . He also provides a vivid description of the miners viscerally encountering ancient history as they excavated, and how the geologic past took on new economic meaning in the context of coal mining:
In the course of their daily work, colliers encountered impressions of seaweed and clam shells, not to mention recognizable remains of figs, palms, redwoods, breadfruit, and other tree species altogether different from scrubby junipers and piñons that grew outside the mines. The miners' craft thus bound its practitioners to a past when the dark seams in which they toiled had been teeming swamplands dappled by the sun's rays. Variations in these ancient ecosystems determined the thickness of coal seams and their character... Ancient streams and rivers had sometimes carved out channels through peat swamps, leaving behind troublesome features that miners called washouts or rolls. More uniform but equally problematic were layers of shale or other rock; these "bands" or "partings" of "bone" or "boney" had formed when volcanic eruptions, catastrophic floods, droughts, or other cataclysms deposited ash, silt, or sand on top of Cretaceous and Tertiary swamps (2008: 135-136 ).
These social-natural-environmental workscapes presented organic and geophysical dangers, such as potholes and water slips, moving rocks, dust and flooding, dripping and seepage. Andrews writes that "Miners butted up against earth at every turn. It butted right back, with less intention but much greater might. Try as miners would to control the powerful physical and chemical forces that their work unleashed, they could not turn back the clock " (2008: 139) . Recognizing the agentive capacities of the underground, as Andrews does, does not, however, relieve humans from their responsibilities for harms: our own politics, consumptive patterns, and economic systems bring the underground into being in particular ways that present different kinds of risk for the humans who work in it.
If Williams and Andrews provide ways to think about the underground as an inhabited--and often unjust--space, STS research has provided an array of concepts and theoretical frameworks for analyzing the construction of knowledge about what lies underground. In the mid-1980s, the estimation of oil reserves was an interesting case for researchers who probed the social construction of scientific knowledge. Bowden attempted to explain how social factors determine what is accepted as knowledge about "how much oil is in the ground." He focused on the organizational interests of the oil industry, concluding that the "validity" of resource estimates is socially constructed through an attributional process that is tied to the political economy of the oil industry (1985) . Dennis came to a similar conclusion, looking at an earlier time period. His analysis considered a wider range of interests and ideas, arguing that oil reserve " [e] stimates are a product of a complex social process in which the estimate-makers' goals and multiple interests (social, economic, occupational and institutional), as well as their scientific knowledge, play an important role in shaping the final value " (1985: 242) .
If the influence of the sociology of scientific knowledge is evident in these "interests analyses," subsequent STS research on the underground bears the marks of numerous other theoretical approaches. Indeed, the diversity of frameworks suggests that STS researchers throughout the 1980s and 1990s were not particularly committed to theorizing the underground itself, but instead found it to be a useful site to pursue theoretical questions about science, knowledge, and uncertainty. For instance, Bowker builds on insights by Pinch and Bijker, Latour, Hughes, and Callon to conduct a network analysis of the oil exploration activities of Schlumberger (a leader in the industry) (1987). This study examines "what happens when material property (oil), intellectual property (patents) and scientific properties (physical constants) enter the world of the oil network" (612). Bowker went on to publish a book on the history of Schlumberger, showing that geophysicists there capitalized on the pressing need for the oil industry to accurately characterize and access reservoirs to enable Schlumberger to become one of the world's largest corporations (1996) . This work continues to inform social studies of industrial science and infrastructure, as well as oil exploration.
In subsequent decades, STS publications dealing with the underground continued to draw on a multiplicity of orientations that were prevalent in the field, including controversy studies (Cole 1996) , public engagement in science (Bloor 2000) , boundary organizations (Cash 2001) , and co-construction of science and politics (Macfarlane 2003) . Some STS work probed the perspectives and training of experts on the underground. Working in the vein of engineering studies, Constant (1989) examined the discipline and profession of petroleum engineering. The paper aimed to challenge stereotypes about engineers, revealing their social origins and identities.
Some STS research on the underground concluded with policy recommendations. For example, Hund (1986) compared how experts from different disciplines dealt with the inherent uncertainty of underground knowledge, in the case of the General Electric Test Reactor, a small nuclear reactor in California, which happens to be near a fault line. There was considerable uncertainty about where the fault was located and the likelihood of an earthquake affecting the reactor. In this context, engineers and geologists, using different ideas about what is "conservative" and "appropriate," reached different recommendations when reviewing the same geological information. Hund concluded the paper with recommendations for improving the Nuclear Regulatory Commission's policy process. Likewise, Macfarlane's (2003) research on the science and policy surrounding the proposed Yucca Mountain nuclear waste repository indicated that a new process is needed for choosing waste storage sites. She wrote, "A more successful policy--and one more acceptable to the public--would be to compare multiple sites and choose the 'best' site. But the 'best' site must be selected not only through scientific analysis. The local residents should also be given a choice" (803). Perhaps unsurprisingly, both Hund and Macfarlane went on to work in US science policy. Hund was a senior analyst at the US Congressional Office of Technology Assessment in the late 1980s, while Macfarlane served as the Chair of the US Nuclear Regulatory Commission during the Obama Administration.
Today's STS research on the underground continues to showcase theoretical diversity and engagement with contentious public issues. Using an actor-network approach, Alatout revealed how the construction of groundwater "abundance" in Palestine facilitated Zionist immigration and colonization between 1918 and 1948 (2009) . Smith and Tidwell used the concept of sociotechnical imaginaries to illuminate contested understandings of coal and uranium mining as sites of blue-collar labor (2016). Wallsten and Krook applied insights from social studies of infrastructure to argue for the recovery of valuable materials from subterranean cables and pipes that remain buried after being disconnected (2016). 7 STS ideas are particularly important in the recent debates surrounding the hydraulic fracturing techniques ("fracking") that are now used to release hydrocarbons from shale formations located thousands of feet beneath the surface. This water-intensive extraction technique, coupled with failures in the underground infrastructure used to transport it to the surface, can damage human health and wellbeing by contaminating water and air. The rapid expansion of hydraulic fracturing activity close to US communities in Ohio, Pennsylvania, Texas, and Colorado prompted scholars to track the environmental and social risks and harms, along with forms of community and political organization to mitigate them (Kroepsch 2016; Perry 2012; Espig and de Rijke 2016; Willow et al. 2014; Eaton and Kinchy 2016; Partridge et al. 2017; Smith 2017a, 2017b) . Citizen science and other forms of public engagement 7 Other recent STS contributions to making sense of the underground have addressed topics ranging from the interpretation of remote data sources in petroleum reservoir geology to decision making about geothermal energy to conspiracy stories about the definition of geological boundaries around protected sites, among other subjects with public relevance (Almklov 2008; Almklov and Hepsø 2011; Raman 2013; Gilbert 2015; Rahder 2015; Barandiaran 2015; Gross 2015; Pijpers 2016; Bleicher and Gross 2016; Sareen 2016; Oskarsson 2017). in science have been key features of these controversies, as activists and concerned communities aim to fill the gaps in "undone science" (Kinchy 2017; Kinchy, Parks, and Jalbert 2016; Malone et al. 2015; Jalbert and Kinchy 2016; Wylie et al. 2016; Vera 2016; Zilliox and Smith 2018) .
STS responses to fracking build on at least two strands of research. First, there is an important body of participatory research that works with and for various publics and "fence line" communities near polluting infrastructure (Ottinger 2010; Allen 1999) . Second, STS scholars collaborate with scientists and engineers with aims toward making resource extraction and burial more sustainable and socially just. A recent ESTS thematic collection on "Making and Doing Politics Through Grassroots Scientific Research on the Energy and Petrochemical Industries" includes illustrations of both of the above points. Papers in the thematic collection highlight technoscientific practices that can reveal the harmful health and environmental impacts of extracting, burning, and refining fossil fuels, in order to inform debates about the justice and sustainability of subterranean resource extraction. For example, Wylie et al.'s article "Materializing Exposures" describes civic science efforts that include working with data scientists to produce environmental monitoring devices that help communities visualize the toxic releases from oil and gas wells (Wylie et al. 2017) . In a similar vein, Jalbert et al.'s piece in the same thematic collection describes how the non-profit FracTracker Alliance in the northeastern US has used maps of bans, development moratoria, and crude oil train routes to help communities better visualize the risks of exposure and politically mobilize (Jalbert, Rubright, and Edelstein 2017) .
Engaged STS work on the underground connects up with the lively interest in the field in addressing issues of environmental justice, climate justice, and toxic exposures. STS scholars politically engage through their public scholarship for general audiences, blogs, and op-eds that intervene in key public debates that involve regulatory decisions and industry influence. 8 As Wylie et al. suggest, STS scholar-activists are "diversifying the kinds of products that can count as STS scholarship" by "producing material interventions in addition to writing traditional papers" (2017: 413). 9 Our efforts in establishing a subfield called STS Underground builds on this body of work, drawing out common themes to sharpen the field's ability to study and respond to pressing concerns about the underground. The above research contributions demonstrate how engaged STS research approaches can yield important insights about the underground. What 8 This includes Naomi Oreskes' and Erik Conway's book Merchants of Doubt, which intervenes in the debates about climate denialism and the role of corporate lobbying. Another example is Gwen Ottinger's public writing about the importance of activist work calling for better air monitoring for oil and gas fenceline communities. 9 Another potential point of intervention for STS scholars is in "corporate social responsibility" initiatives and other corporate responses to critics (Benson and Kirsch 2010) . Corporate social responsibility (CSR) programs are emerging in response to both community critique and the need for public buy-in of local mining operations, what the industry terms a "social license to operate." Anthropologists have shown that the discursive framework of CSR and the community engagement tools inspired in its name actually reinforce the power of corporations to solve problems that they themselves define Dolan and Rajak 2016; Kirsch 2014; Rajak 2011; Welker 2014; Li 2011) . Moving from academic critique of these practices to constructive modes of public engagement can be a key contribution of STS to these debates, given the field's substantial literature on public engagement on technoscientific controversies (Phadke 2014). then, is new about our articulation of "STS Underground"? We see an opportunity for a shared research agenda around two deceptively simple questions. These questions are framed around problems of injustice and unsustainability, giving an ethical focus to our work.
"Should we dig here?" is a question that reverberates across every region of the earth (in the Arctic, in the Gulf of Mexico, in shale formations, in aquifers, in uranium deposits, etc.) and even in space, as asteroid mining becomes a real possibility. 10 What kinds of expertise are brought to bear on questions of where to dig? Whose knowledge is marginalized, and why? Deciding where to dig involves unexpected forms of knowledge and expertise that are often not visible or accessible to the public. For example, knowledge of colonial era artisanal African coal miners was "pirated" and used by modern multinational firms operating today (d'Avignon 2015). STS scholars can also illuminate the many kinds of invisibilities that get produced in the act of digging. For example, coal seam gas extraction produces ecological damage to wetlands and rivers that gets "unseen" (Cullis 2015). 11 Urban redevelopment can erase toxic social relations in one place while creating new body burdens and potential exposures in the communities receiving the soil (Dillon 2014) . STS research on these topics can make useful contributions to public policy and movements for social change.
A second question--"How should we reclaim this surface?"--is equally fraught with technoscientific questions. Will it be safe to live in a housing development located on a former waste dump? What are the consequences of living in urban neighborhoods that sit atop deep horizontal shale oil and gas wells? Can the lands devastated by artisanal gold mining be transformed back into forest? Answers to these questions are highly contested and constrained by the limits of scientific knowledge and technological design. STS research is extremely well equipped to shed light on technoscientific processes like these. But opening up these black boxes does not necessarily lead to more socially just and ecologically sustainable decisions. Thus, STS theorists should also examine the kinds of public inquiries and deliberative events that help lead to greater and better public engagement. In particular, STS investments in thinking about the "morality of mining" may present development alternatives and alternative voices enabling an examination of what "extractive justice" might mean in its fullest sense, a concept that can connect consumers (of new cities, energy forms and devices) with sites of extraction around the globe. 12 10 The Colorado School of Mines has developed a new training and research program focused on "space resources." See http://space.mines.edu/ 11 The d'Avignon and Cullis papers cited here are from our 4S 2015 panel titled "STS Underground." 12 Some dimensions of these questions are addressed by STS research on energy, climate change, water, and waste, as in the thematic collection of ESTS discussed above. Finding other STS research relevant to the underground, however, can be challenging. Many STS scholars addressing the underground are publishing research in journals dedicated to environmental studies or energy policy, such as Energy Research & Social Science and the Environment and Planning journals. Answering the questions we pose about the underground will also require sustained engagement with research outside of STS, particularly anthropology, geography, history, and environmental studies.
Mapping and Modeling the Underground
For this thematic collection, we have selected five research papers that address the processes and politics of mapping and modeling. Though the underground is a crucial source of resources and a repository for waste, it largely remains mysterious and imperceptible to people, particularly those in wealthy countries who most conscipiously but only indirectly participate in the sociotechnical systems that engage the underground by filling up their large gas tanks to wearing gemstone jewelry. By contrast, direct experience with and knowledge of the underground is limited to small circles of workers and experts. As such, most people come to know the underground vicariously through film, stories, music, and the kinds of maps and models analyzed by the authors in this thematic collection. The invisibility of the underground makes it analogous to studying other "invisible" forces like nuclear radiation (see Hecht 2012) . Cultural imaginaries about the underground add to this distance, as they tend to mystify it in ways that are different from, for example, the way we think about forests. And while speculation is inherent to scientific practice, it is especially central to any efforts to work underground, given that it cannot be directly visualized, touched, or manipulated outside of excavation or sampling. These unique characteristics of the underground make it an especially fertile space for examining the practices of mapping and modeling.
Historical research on geology and mining drew our attention to the construction of this kind of underground knowledge and expertise. In the 1970s, Rudwick argued that a visual language of science was integral to the nineteenth century emergence of the discipline of geology (1976). Nystrom ties the 19 th century emergence of the mining engineering profession to the emergence of a visual culture of mining in which making and reading maps of the underground was the key distinguishing feature between engineers and practical miners (2014). Mapping gave engineers the power to organize and control the mining process, displacing skilled miners, who previously had been "the most important figure in mine work… as the locus of decision-making as the new organizational and technological systems promulgated by mining engineers fragmented the traditionally wide range of skilled work performed by miners into a series of semiskilled and unskilled occupational niches" (2014: 8-9). Nystrom also shows that the two-and three-dimensional models of underground mines constructed by companies were never politically neutral, but used to further particular ends, such as claiming mineral rights or improving the public perception of mining companies. An influential curator at the Smithsonian, for example, used models to "convince visitors that massive corporations were not scary unnaturalistic monopolies, but rather were good and necessary institutions for America, because only they could create and master the complex and 'efficient' technical operations that generated resources wisely and inexpensively" (Nystrom 2014: 215) .
Geographers have long argued that maps are not objective renderings of reality. In this classic volume How to Lie with Maps, Mark Monmonier describes in great detail the use and abuse of maps by cartographers to create the worlds they desire to depict (1996) . Monmonier notes that the use of color, font, symbol, text labels and scale can all serve to distort reality. Countermapping, and critical and DIY cartography, are all important tools used by political movements to empower everyday users to depict their own lived realities. Artist and activist collectives have generated countermaps to challenge the epistemic authority of corporate, state, and military actors. In this spirit, Hebert and Brock's work in Bristol, Alaska illustrates how counter-mapping helps create new publics who can use state data to oppose resource extraction and restore priority to subsistence hunting, fishing, and gathering activities (2017). Similarly, Phadke showed that after extended political protest against the Indian government's design for the Uchangi dam, nongovernmental engineers and social activists aided project-affected villagers in producing an alternative dam design through participatory mapping techniques (2005) . These critical mapping practices form part of what Mathews and Barnes in their introduction to a special issue on prognosis and environmental futures, identify as a larger "reworking of the relationship between states, corporations, and their publics, which opens up new points for opposition or engagement on the part of the people who might be affected by governmental or corporate action." (2016: 10). They and their contributors argue that new regimes of forecasting and modeling future environments give rise to new forms of nature and modes of politics.
Building on this scholarship on mapping and modeling, the papers in this thematic collection turn on several central themes vital to an engaged STS. The authors delve into how natural resources are socially constructed through processes of visualization and speculation. Several papers describe how both expertise and technologies of extraction translate material resources into economic assets. Finally, several papers discuss the need for epistemic and economic justice for communities near sites of extraction. The articles span continents and resources, from the Andes to west Africa, and from gold to groundwater. Across the articles, the authors are grappling with how we come to know the underground, and the relationships between subsurface and above ground expertise.
Drawing on the rich STS scholarship on how climate and environment modeling is simultaneously world building, Adrienne Kroepsch's article "Groundwater Modeling and Governance: Contesting and Building (Sub)Surface Worlds in Colorado's Northern San Juan Basin" describes how subsurface spaces are still zones of political contention in the American West. Using computer based groundwater models as her case, Kroepsch assesses how a more expansive underground view has not "generated epistemic consensus about the inner workings of subsurface systems." She argues that the "inscrutability" of subsurface water resources has resulted in a lack of shared understanding of the underground. On the theme of epistemic justice, Kroepsch describes how regulators' reliance on groundwater models has "delimited who spoke for the subsurface and buoyed the privatization of hydrologic knowledge in ways that reinforced mistrust among stakeholders and generated further legal battles." Jessica Smith and Nicole Smith's article analyzes one group of people who, in speaking for the subsurface, bring it into being: the engineers and applied scientists who work for oil and gas companies. They argue that ethnographic attention to engineers illustrates the "contested politics of how resources 'become' as these actors produce and transgress distinctions between the subsurface and surface." They describe how community conflicts have prompted engineers and applied scientists to "view the subsurface and surface as interlinked, mutually dependent and, in some cases, mutually constitutive." In particular, they argue that maps and models help make social concerns visible and actionable, at the same time as these techniques raise questions about how residents' concerns are translated and come to matter to project decisions. Daniel Cumming's article describes how hydrocarbon extraction in the petro-suburbs of Los Angeles is connected with a racially segregated housing market. His article, "Black Gold, White Power: Mapping Oil, Real Estate, and Racial Segregation in the Los Angeles Basin, 1900 Basin, -1939 examines the interlocking technologies of oil production and racial segregation that were created by capitalists, geologists, real estate agents, and federal appraisers. Cumming argues that mining, speculating, and mapping subsurface resources was crucial to the engineering of "residential apartheid" in metropolitan Los Angeles. Cumming describes how highly specialized technologies and scientific knowledge merged with the legal technologies that underwrote racist and predatory regimes for property rights, through maps, deeds, and land use policies, to coproduce the Los Angeles landscape.
Robyn d'Avignon also explores how racialized extractive regimes produce injustice, shifting our attention toward the grievances and expectations of so-called "artisanal miners" whose knowledge has been vital to gold prospecting in much of the Global South. d'Avignon's article, "Shelf Projects: Exploration Geology on Senegal's Gold Mining Frontier," describes how state map-making technologies serve as instrumental forms of power to lay claim over knowledge, resources, land, and people in the "under-explored mining frontiers" of West Africa. In recounting competing histories of how gold deposits were first discovered in this region, her goal is to ask the legal and ontological question of when a resource becomes an economic asset. She argues that while knowledge making about mineral wealth was "radically collaborative" in the French colonial era, the contribution of artisanal miners to discovering deposits currently exploited by corporations has no legal standing in the post-colony. d'Avignon argues for the need for multi-vocal histories of discovery and production of subterranean knowledge.
Similar to d'Avignon, David Kneas examines the framing of Ecuador's subsoil as "unexplored abundance." Kneas describes the ontological natures and epistemological scales that inform assumptions of resource potential. Kneas records how a notion of abundance is embodied in diverse sources--from 19th century landscape paintings to plate tectonic models of subsoil copper. Like d'Avignon, Kneas also touches on how contemporary claims of Ecuadorian mineral wealth are contingent upon "silencing histories." In his case, contemporary claims of Ecuadorian mineral wealth are also "presumptions of Andean difference, and Ecuador's own history of marginal mining and the knowledge of Ecuadorian subsoil that it engendered." Together, these articles bring us rich stories from across the globe of how extractive industries work across models, fields, and areas of expertise. The final commentary in this thematic collection, by geographer Trevor Birkenholtz, draws out major themes across the articles, with reference to cartographic and model production and representation, particularly in the ways that they render the landscapes partially knowable and contestable. Whether our example is the discovery of oil in Ecuador or the extraction of groundwater in Colorado, Birkenholtz highlights how the power struggles over representation and modeling described across regions have implications for "justice, political representation, and the distribution of environmental and material harms and benefits."
A Subfield in Formation
These elucidating studies came to us through a series of exciting scholarly meetings over the last three years that have been part of our effort to shape a new subfield we've come to call STS Underground. In 2015, Phadke and Kinchy organized an open session for the annual meetings of the Society for Social Studies of Science (4S), which we subsequently blogged about in 4S's Backchannels. Our aim was to discover and highlight interesting new research on the science, technology, and politics of the subsurface. The nine presenters at that conference were the beginning of the STS Underground Network. Two further sessions at the 2016 4S meetings, which were organized by Abby Kinchy and Jessica Smith, expanded this research network.
We received a grant in 2016 from the National Science Foundation to organize a workshop called STS Underground: Investigating the Technoscientific Worlds of Mining and Subterranean Extraction. 13 The workshop was held at the Colorado School of Mines in February 2017. We received nearly 50 abstract submissions for the conference, indicating the high level of interest in this topic. We selected 15 authors and three discussants, who workshopped papers over three intensive days. Gabrielle Hecht gave a keynote lecture about the human impacts of radioactive exposure to mining in South Africa. Hosting the workshop at the Colorado School of Mines (CSM) opened up opportunities to directly engage with scientists, engineers and practitioners in the extractive industries. CSM researchers, students, and faculty brought important perspectives to the workshop by participating in our opening session, a fieldtrip to the university's experimental underground mine, and a closing public panel.
Our workshop encouraged participation from graduate students, postdoctoral fellows, and junior faculty from an array of fields. After the workshop, we received many notes of gratitude from participants about the planning of the event and the impact on their professional development. In post workshop evaluations, we learned that participants most valued sharing resources and creating new relationships with other junior scholars with similar interests, and more senior scholars who helped reinforce and validate emerging interests and questions.
Our Colorado School of Mines workshop also served to launch an expanded STS Underground Network, which now includes over seventy scholars from across the world. We also now maintain a google group to serve as an online platform for communication about new publications, conferences, and news events. The STS Underground community will meet again in a pre-conference for 4s 2018 in Sydney and another series of panels at the annual meeting. This time we are interested in exploring the research methods and analytical strategies we use to observe and make sense of human interactions with subterranean materials and places. By focusing on method, we hope to better understand and share the ways in which we come to 13 The 2017 workshop was generously funded by the Science, Technology and Society Program at the National Science Foundation (SES 1632651) (https://www.mines.edu/stsu/). know and mobilize the underground spaces and places that are so difficult to see, explore and develop.
This thematic collection is an opportunity for us to share the emerging work from the STS Underground network, a network that in its nascent stage is already helping to connect the many STS scholars who seek to orient to the underground as a source, site, and symbol for thinking through the future of the field and meaningful interventions. As a collective, we seek to explore how our research can advance justice, sustainability, and equity through engaged scholarship.
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